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I. INTRODUCTION
In his famous contributions Phillips (1958 Phillips ( , 1962 emphasised the importance of analysing the quantitative relationship between employment growth, inflation and output growth (the three nodes of the so-called Golden Triangle's internal equilibrium). In his model macroeconomic instability and failures with the associated problems (unemployment, inflation and stagnation) arise when economies move along a non-optimal (golden disequilibrium) path: unless the quantitative dynamic relationships between these variables are known exactly by policy makers, their actions are likely to result in an "overshooting" or "undershooting" of the targeted "equilibrium". Moreover, without this knowledge, it is not even possible to choose optimally the particular inflation rate, level of economic activity or "natural rate of unemployment" that should be targeted. Finally, a proper understanding of the employment/inflation/output relationship might also be instrumental to avoiding or at least alleviating cycles. This paper is a comprehensive study of both the short-and long-run relationships between these three variables. It contributes to the literature on the Golden Triangle theory by analysing annual data for a panel of 119 countries over the period , and applying state-of-the art econometric methods for nonstationary heterogeneous panels. Specifically, the Nyblom-Harvey, FisherJohansen, Pedroni, Westerlund and Kao multivariate cointegration tests are carried out, and the cointegrating vectors are estimated using FMOLS, PMGE, MGE, DFE, VECM methods to deal with possible endogeneity and stationarity issues. Moreover, causality tests are conducted in the context of a panel VECM.
The layout of the paper is as follows. Section 2 briefly reviews the relevant literature. Section 3 describes the data and the econometric framework. Section 4 presents the empirical results. Section 5 offers some concluding remarks.
II. LITERATURE REVIEW
The two seminal studies by Phillips on the relationship between unemployment and the rate of change of nominal wages in the United Kingdom (1958) and that between employment growth, inflation, and output growth (1962) are amongst the most frequently cited articles in economics. Famously, Phillips (1962) argued:
"It is my belief that one of the main reasons for the difficulties that have been experienced in devising and implementing appropriate economic policies is lack of adequate quantitative knowledge and understanding on how the economic system works. (…) But in order to bring this knowledge to bear on the problem of formulating and attaining a consistent set of policy objectives we require also knowledge of the quantitative relations between economic variables. In particular it is necessary to know what quantitative relations hold between those economic variables which are either the objectives of policy or the instruments through which we attempt to attain the objectives."
Several studies have subsequently analysed the relationship between unemployment and gross domestic product, unemployment, and inflation. A few examples are Okun (1981) and Tobin (1982 Tobin ( , 1987 Tobin ( , 1996 , who focused on the inflation-unemployment trade-off, whilst Kaldor (1992) examined the role of wages, and Phelps (1967 Phelps ( , 1998 and Friedman (1968 Friedman ( , 1971 highlighted the disagreement on the role of different policy instruments in achieving the goals of economic policy.
Related papers are Gordon (1991 Gordon ( , 1977 , Phelps and Zoega (1998) , Nickell (1998) , Lorenzoni (2010) , Acemoglu et al. (1994) , Adams and Coe (1990) , Aguiar and Martins (2005) , Altig et al. (1997) , Apergis and Rezitis (2003) , Okun (1980) , Samuelson (2008), and Thirlwall (1969) . Among very recent empirical studies Hooker (2002) and Nakov and Pescatori (2010) both offer evidence of a backwardlooking Phillips' curve for countries other than the US. Only few papers exist on the simultaneous relationship between all three variables (employment growth, inflation and output growth) -see Raurich and Sorolla, 2000, and Scott and McKean, 1964 .
III. DATA AND ECONOMETRIC METHODS

A. Data
Our dataset is a balanced panel with annual data on employment, prices and output from 1970 to 2010 for 119 countries.
i The variables are in annual percentage changes. The data sources are the USDA International macroeconomic dataset (historical data files) and the Conference board total economy database 2011.
B. Econometric Methods and Models
We investigate the relationship between y it , the annual growth rate of real output in country i and year t; p it , the annual inflation rate, and e it , the annual growth rate of employment, estimating the following model:
where u it is the error term. Since we want to explore the direction of causality as well we also specify the models
and
As a first step, the order of integration of the series should be established by means of panel unit root tests. Then, if the evidence suggests nonstationarity of the variables, the existence of cointegrating relationships between them should be tested to justify the above specifications. Subsequently, Granger causality tests can also be carried out to analyse the causal linkages between these three variables.
B1. Unit Root Tests
To check the stationarity of the series in the panel under cross-sectional dependence we use first-and second-generation unit root tests (see Im, Pesaran and Shin, (2003) . First-generation panel unit roots tests include Levin and Lin (1992,1993) , Levin, Lin and Chu (2002) , Harris and Tzavalis (1999) , Im, Pesaran and Shin (1997 , 2002 , Maddala and Wu (1999 ), Choi (1999 , 2001 , Hadri (2000) , whilst second-generation tests are those of Bai and Ng (2001, 2004) , Moon and Perron (2004a) , Phillips and Sul (2003a) , Pesaran (2003 ), Choi (2002 ), Breitung and Das (2005 .
The Levin and Lin (1992, 1993) test takes the form (LLC)
under the unit root null.
The Im, Pesaran and Shin (IPS) test allowing for heterogeneity in ρ i (Christophe Hurlin, Valerie Mignon, 2006 ) is specified as follows:
Breitung (2000) developed the following t-ratio test for the presence of nonstationarity in the panel data
although Moon, Perron and Phillips (2006) pointed out the limitations of this test in terms of asymptotic power properties.
Hadri (2000) proposed a different panel unit root test based on the null of stationarity allowing for individual specific variances and correlation patterns. His test takes the form
Hlouskova and Wagner (2006) showed that Hadri's test tends to reject stationarity most of the times in the presence of autocorrelation. Baum (2001) proposed a more powerful version of this test (under the null that the error process is homoscedastic across the panel or heteroscedastic across countries and there is serial dependence in the disturbances). Maddala and Wu (1999) ) proposed a Fisher's type test based on p-values from individual root tests taking the form (ADF)
while Choi (2001) adopted the following specification (PP):
Finally, Pesaran (2007) suggested using instead a cross-sectionally augmented
which is valid under cross-sectional dependence and individual-specific error serial correlation. Breitung and Westerlund (2009) 
to test for common trends among the variables.
Maddala and Wu (1999) develop a Fisher and Johansen test of the form:
Pedroni's (2001) tests for cointegration are based on the estimated residual as follows:
Kao ( 
Persyn (2008) and Westerlund (2007) suggest an error-correction panel cointegration test for the presence of cointegration both at country and panel level:
The test results strongly reject the null of no cointegration in favour of the existence of a long-run relationship between employment growth, inflation and output growth in the panel, consistently with the previously discussed panel FMOLS and DOLS findings. Having established cointegration, we estimate the long-run models (1), (2) and (3) using FMOLS (fully modified OLS), DOLS (dynamic OLS), PMGE (pooled mean group estimator), MG (mean group) and DFE (dynamic fixed effect) methods. Following Pedroni (2001) , the FMOLS estimator corrected for heterogeneity (in the fixed effects and the short run) and the OLS estimator adjusted for serial correlation take the form
where L i is a lower triangular decomposition of the covariance matrix Ω I , Γ I a weighted sum of autocovariances, with
1/2 are the long-run standard errors of the conditional process. Here β NT is a fully modified estimator (FMOLS) with the individual specific mean of the form
Pedroni (2001) proposes a dynamic OLS estimator (DOLS) of the form
where z it is the 2(K+1) x 1 vector of regressors
correcting for endogeneity and serial correlation in the panel by including leads and lags of differenced I(1) regressors. Since we are interested not only in the long-run equilibrium relationship but also in short-run and Granger causality relations between the variables we use PMG, MG, DSE and VECM estimations methods as well. Following the approach of Pesaran, Shin (1995) and Smith (1999) for nonstationary dynamic panels with heterogeneous parameters we estimate our dynamic panel using MG, PMG and DSE in the form:
Following Pesaran, Shin and Smith (1999) we estimate an ARDL(2,2,2)
where i = 1, 2,…, 119 stands for the country; t = 1,2,…,41 for the time period;
x it = (k × 1) and d t (s × 1) for the vectors of explanatory variables (regressors).
Re-parameterising (19) we obtain an error correction model of the form
Following the work of Engle and Granger (1987) we specify a VECM panel model to examine Granger causality relationship between employment growth, inflation and output growth. As in Pedroni (1999 Pedroni ( , 2004 we estimate the long-run relationship as follows: 
and then test for multivariate causality with lag length m (SIC=2) to examine the direction (patterns) of causality between the variables in both the short-and the long-run:
• Unidirectional causality between output growth, employment growth and inflation between independent and dependent variables in the model).
IV. EMPIRICAL RESULTS
In this section we report the results of the PMG, MG, FMOLS, DOLS, Dynamic Fixed Effect and VECM estimation as well as the results of the multivariate Granger causality analysis. The fully modified OLS estimates of the cointegration relationship are reported in Table A3 (individual country level) and Table 1 with coefficient values ranging from 0.000 to 2.217 (Russia). The panel long-run coefficient estimates using MGE and DFE are statistically significant with values for inflation of -0.023 (PMGE) and -0.027 (DFE) respectively, supporting the idea that inflation has a negative effect on output growth. The long-run coefficient for inflation using MGE is not statistically significant. The Hausman test statistic for choosing between the PMGE and MGE estimators is equal to 3.43, indicating that PMGE is to be preferred as being more efficient under the null that the long-run coefficients are homogenous. Table A3 shows that the PMGE long-run coefficients are in fact statistically significant at country level for both inflation and employment growth. The cointegration results appear to be very robust. For instance, the error correction equations (23) estimates (see Table A3 ) indicate that λ is statistically significant and negative for all countries in the panel. The same holds for the panel VECM as can be seen from we are also interested in examining the direction of causality between the variables (see Table 2 and Figure 1 ).
Figure 1 Panel Data Granger Causality Relations (ECM estimates) for Employment Growth, Inflation and Output Growth
It can be seen that the estimates of equation (23) imply bidirectional (and statistically significant at the 1% level) Granger causality between inflation and output growth (p y, y p), and employment growth and output growth as well as inflation (e y, y e, e p, p e) in both the short-and long-run. The only exception is the unidirectional short-run causality running from inflation to output growth (p y). This is consistent with Phillips' idea that employment growth, inflation and output growth are both policy instruments and targets driven by some kind of mutually self-reinforcing process (bidirectional causality). Notes: LR, SR, JR and EC stand for long-run, short-run, and joint (both short-and long-run) causality and error-correction coefficients respectively; y p means that variable y does not Granger cause variable p; coefficients in bold indicate significance at the 1%, 5% level; coefficients in italics indicate significance at the 10% level.
V. CONCLUSIONS
In his 1962 article Phillips stressed the importance for policy makers of acquiring information about the nature of the quantitative relationship between employment growth, inflation and output growth in order to take appropriate policy measures. Since then many studies have analysed this relationship, but surprisingly only a few have estimated it allowing for simultaneity (see Raurich and Sorolla, 2000, and Scott and McKean, 1964) . To our knowledge, the present paper is the most extensive empirical investigation of this topic, being based on a panel of 119 countries over the time period 1970-2010, and also applying cutting-edge panel econometrics allowing for possible heterogeneity and nonstationarity to examine the existence of long-run relationships between these variables and to obtain accurate estimates of the long-run coefficients at both country and panel level. Further, it investigates causality linkages between these series. Its findings confirm the existence of a long-run relationship as outlined in Phillips' Golden Triangle theory, and also give useful guidance to policy makers on the size of the various effects, enabling them to devise more accurate policies to achieve their targets. Notes: LR, SR, and EC stand for long-run and short-run causality and error-correction coefficients respectively; coefficients in bold indicate significance at the 1%, 5% level; coefficients in italics indicate significance at the 10% level.
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